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[57] ABSTRACT 
A hydraulically operated continuously variable trans 
mission includes a fixed shaft mounted in a transmission 
case, an output shaft rotatably supported in the trans 
mission case, and a hydraulic motor coupled to the 
output shaft and having a motor cylinder and an annular 
array of slidable motor plungers disposed around an axis 
of rotation thereof and slidably disposed in respective 
cylinder holes de?ned in the motor cylinder. The hy 
draulic motor also has a distribution ring supported on 
the fixed shaft and rotatable relatively to and slidable 
against an end face of the motor cylinder for introduc 
ing high-pressure oil successively into the cylinder 
holes and discharging oil successively from the cylinder 
holes in response to rotation of the motor cylinder. The 
transmission further includes an input shaft rotatably 
supported in the transmission case, a hydraulic pump 
coupled to the input shaft, at least one of the hydraulic 
pump and the hydraulic motor being of the variable-dis 
placement type, a closed hydraulic circuit interconnect 
ing the hydraulic pump and the hydraulic motor, and a 
spring disposed around the ?xed shaft for normally 
urging the distribution ring resiliently against the end 
face of the motor cylinder. 

12 Claims, 3 Drawing Sheets 
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HYDRAULICALLY OPERATED CONTINUOUSLY 
VARIABLE TRANSMISSION 

BACKGROUND OF THE INVENTION 

The present invention relates to a hydraulically oper 
ated continuously variable transmission including a 
hydraulic pump and a variable-displacement hydraulic 
motor which are interconnected by a closed hydraulic 
circuit. 
There have been proposed various hydraulically op 

erated continuously variable transmissions for use in 
automobiles, including a swash-plate axial-plunger hy 
draulic pump having a pump cylinder coupled to an 
input shaft and a plurality of pump plungers slidably 
disposed in respective cylinder holes de?ned in the 
pump cylinder in an annular pattern around an axis of 
rotation of the pump cylinder, the hydraulic pump hav 
ing an outlet port, a swash-plate axial-plunger hydraulic 
motor having a motor cylinder coupled to an output 
shaft and a plurality of motor plungers slidably disposed 
in respective cylinder holes de?ned in the motor cylin 
der in an annular pattern around an axis of rotation of 
the motor cylinder, the hydraulic motor having an inlet 
port, and a closed hydraulic circuit interconnecting the 
hydraulic pump and the hydraulic motor. Power is 
transmitted by the transmission through relative rota 
tion between the motor cylinder and the pump cylinder. 
As disclosed in Japanese Patent Publications Nos. 

32-7159 and 41-3208, for example, communication ports 
arranged at substantially equal angular intervals in com 
munication with the respective cylinder holes in the 
motor cylinder are de?ned in the motor cylinder and 
open at an axial end face thereof in an annular pattern 
around the axis of rotation of the motor cylinder. An 
annular distribution ring is disposed eccentrically with 
respect to the axis of rotation of the motor cylinder and 
held in slidable contact with the end face of the motor 
cylinder. Oil discharged from the hydraulic pump is 
introduced into the distribution ring, whereas oil dis 
charged from the motor cylinder is introduced around 
the distribution ring. 
The outlet and inlet ports of the pump are brought 

into successive communication with the communication 
ports in the motor cylinder in response to relative rota 
tion between the distribution ring and the motor cylin 
der for reciprocally moving the annularly arranged 
motor plungers. 
The distribution ring which confronts the end face of 

the motor cylinder in partly overlapping relation to the 
communication ports undergoes a force tending to press 
the distribution ring against the end face of the motor 
cylinder under the hydraulic pressure in and outside the 
distribution ring and also a force tending to separate the 
distribution ring off the end face of the motor cylinder 
under the hydraulic pressure from the cylinder holes in 
an area where the distribution ring overlaps the commu 
nication ports. 
The hydraulic pressure in the cylinder holes varies 

according to acceleration or deceleration. The center of 
the force tending to separate the distribution ring from 
the end face of the distribution ring is out of alignment 
with the center of the force tending to press the distri 
bution ring against the end face of the motor cylinder. 
For these reasons, oil leakage is likely to occur, and the 
mutually sliding surfaces of the distribution ring and the 
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2 
end face of the motor cylinder are apt to suffer localized 
wear due to irregular pressures applied thereto. 

SUMMARY OF THE INVENTION 

In view of the aforesaid drawback of the prior art, it 
is an object of the present invention to provide a hy 
draulically operated continuously variable transmission 
in which a distribution ring can be pressed against an 
end face of a motor cylinder under uniform force. 
According to the present invention, the above object 

can be accomplished by a hydraulically operated con 
tinuously variable transmission comprising a transmis 
sion case, a ?xed shaft mounted in the transmission case, 
an output shaft rotatably supported in the transmission 
case, a variable-displacement hydraulic motor coupled 
to the output shaft and having a motor cylinder and an 
annular array of slidable motor plungers disposed 
around an axis of rotation thereof and slidably disposed 
in respective cylinder holes de?ned in the motor cylin 
der, the hydraulic motor also having a distribution ring 
supported on the ?xed shaft and rotatable relatively to 
and slidable against an end face of the motor cylinder 
for introducing high-pressure oil successively into the 
cylinder holes and discharging oil successively from the 
cylinder holes in response to rotation of the motor cyl 
inder, an input shaft rotatably supported in the transmis 
sion case, a hydraulic pump coupled to the input shaft, 
a closed hydraulic circuit interconnecting the hydraulic 
pump and the hydraulic motor, and spring means dis 
posed around the ?xed shaft for normally urging the 
distribution ring resiliently against the end face. of the 
motor cylinder. 

Since the distribution ring is pressed against the end 
face of the motor cylinder by the spring means, the 
distribution ring is prevented from being separated from 
the end face of the motor cylinder. As the distribution 
ring is pressed at its outer peripheral edge against the 
end face of the motor cylinder, the pressure imposed on 
the mutually sliding surfaces of the distribution ring and 
the end face of the motor cylinder is uniformized. 
The above and other objects, features and advantages 

of the present invention will become more apparent 
from the following description when taken in conjunc~ 
tion with the accompanying drawings in which pre 
ferred embodiments of the present invention are shown 
by way of illustrative example. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a longitudinal cross-sectional view of a 
hydraulically operated continuously variable transmis 
sion according to the present invention; 
FIG. 2 is an enlarged cross-sectional view of a servo 

motor for selectively connecting and disconnecting or 
making or breaking, a hydraulic circuit in the hydrauli 
cally operated continuously variable transmission 
shown in FIG. 1; 
FIGS. 3 and 4 are enlarged fragmentary views, partly 

in cross section, showing modifications. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

FIG. 1 shows a hydraulically operated continuously 
variable transmission for use in a motor vehicle such as 
an automobile according to the present invention, the 
transmission basically comprising a hydraulic pump P 
and a hydraulic motor M housed in a transmission case 
1 composed of a pair of longitudinally separated case 
members 1a, 1b. 
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The hydraulic pump P has a pump cylinder 4 splined 
to an end 3 of an input shaft 2, a plurality of cylinder 
holes or bores 5 de?ned in the pump cylinder 4 in a 
circular pattern around and concentric with the input 
shaft 2 and extending parallel to the input shaft 2, and a 5 
plurality of pump plungers 6 slidably ?tted respectively 
in the cylinder holes 5. The hydraulic pump P can be 
driven by the power of an engine (not shown) which is 
transmitted through a ?ywheel 7 coupled to the oppo 
site end of the input shaft 2. 10 
The hydraulic motor M has a motor cylinder 8 dis 

posed in surrounding relation to the pump cylinder 4, a 
plurality of cylinder holes or bores 9 de?ned in the 
motor cylinder 8 in a circular pattern around and con 
centric with the input shaft 2 and extending parallel to 15 
the input shaft 2, and a plurality of motor plungers 10 
slidably ?tted respectively in the cylinder holes 9. The 
hydraulic motor M is rotatable relatively to the pump 
cylinder 4 in concentric relation thereto. 
The motor cylinder 8 has axially opposite ends on 20 

which a pair of support shafts 11a, 11b is disposed, 
respectively. The support shaft lla is rotatably sup 
ported on the axial end wall of the case member 1b by 
means of a ball bearing 12, and the support shaft 11b is 
rotatably supported on the axial end wall of the case 25 
member In by means of a needle bearing 13. 
The ball bearing 12 has an inner race 12a and an outer 

race 12b. The support shaft 11a has an outer end pro 
jecting beyond the inner race 12a and on which a stop 
ring 14 is mounted. Another stop ring 15 is mounted on 30 
an outer peripheral surface of the outer race 12b near an 
outer end thereof, and is received in an annular recess 
16 de?ned in an outer surface of the axial end wall of the 
case member 1b. A holder plate 17 held against an outer 
end surface of the outer race 12b is ?xed by bolts 18 to 35 
the axial end wall of the case member 1b. The ball bear 
ing 12 and the support shaft 110 are thus ?xedly 
mounted on the case member 1b against axial move 
ment. 
The other support shaft llb has an integral gear 19 

meshing with an idler gear 20 for transmitting output 
power of the hydraulic motor M therethrough to a 
differential gear mechanism 21. 
A pump swash plate 22 inclined at an angle to the 

pump plungers 6 is ?xedly disposed radially inwardly of 45 
the motor cylinder 8. An annular pump shoe 23 is rotat 
ably slidably supported on an inclined surface of the 
pump swash plate 22. 
Each of the pump plungers 6 has a bottomed hole 24 

opening toward the pump swash plate 22. A connecting 50 
rod 25 is inserted in each pump plunger 6 and pivotally 
movable with respect to the pump plunger 6 by means 
of a ball joint 26a on the inner end of the connecting rod 
25. The connecting rod 25 projects out of the corre 
sponding pump plunger 6 from the bottomed hole 24, 55 
and is pivotally movable with respect to the pump shoe 
23 by means of a ball joint 26b on the outer projecting 
end of the connecting rod 25. 
The annular pump shoe 23 has its outer peripheral 

surface supported in the motor cylinder 8 by a needle 60 
bearing 27. The annular pump shoe 23 has an annular 
step 23a de?ned in its inner peripheral surface facing the 
pump plungers 6. A presser ring 28 riding in the annular 
step 23a presses the pump shoe 23 toward the pump 
swash plate 22 under the resiliency of a compression 65 
coil spring 30 disposed under compression around the 
input shaft 2 and acting on a spring holder 29 held 
against the presser ring 28. The spring holder 29 is slid 

4 
ably ?tted over splines 31 on the input shaft 2, and has 
a partly spherical surface contacting a complementary 
partly spherical surface of the presser ring 28. There 
fore, the spring holder 29 is neatly held against the 
presser ring 28 for transmitting the resilient force from 
the spring 30 to the presser ring 28 irrespective of how 
the spring holder 29 and the presser ring 28 are rela 
tively positioned. 
Thus, the pump shoe 23 can be slidingly rotated in a 

?xed position on the pump swash plate 22 at all times. 
Bevel gears 32, 33, which have the same number of 

teeth, are ?xed respectively to the confronting surfaces 
of the pump shoe 23 and the pump cylinder 4 and are 
held in mesh with each other. When the pump cylinder 
4 is driven to rotate by the input shaft 2, the pump shoe 
23 is rotated in synchronism with the pump cylinder 4 
through the meshing bevel gears 32, 33. On rotation of 
the pump shoe 23, those pump plungers 6 which run 
along an ascending side of the inclined surface of the 
pump swash plate 22 are moved in a discharge stroke by 
the pump swash plate 22, the pump shoe 23, and the 
connecting rods 25, and those pump plungers 6 which 
travel along a descending side of the inclined surface of 
the pump swash plate 22 are moved in a suction stroke. 
During the above operation, paths followed by the 

centers of the ball joints 26a, 26b on the opposite ends of 
the connecting rods 25 do not lie in the same cylindrical 
plane because of the inclination of the pump swash plate 
22, i.e, the pump shoe 23. Since, however, the connect 
ing rods 25 are pivotally moved about the ball joints 26a 
in the bottomed holes 24 of the pump plungers 6 accord 
ing to the different paths of rotation of the ball joints 
26a, 26b, the pump plungers 6 can smoothly be slid in 
the respective cylinder holes 5. Substantially one half of 
the pump plungers 6 are always in the discharge stroke, 
and hence corresponding one half of the pump shoe 23 
is pressed against the pump swash plate 22 by the con 
necting rods 25 under a high hydraulic pressure devel 
oped in oil chambers de?ned in the pump cylinder 4 
behind the pump plungers 6. At the same time, the other 
half of the pump shoe 23 is also subjected to the same 
high hydraulic pressure. Accordingly, the entire sliding 
surface of the pump shoe 23 is pressed against the pump 
swash plate 22 at all times, and remains closely in 
contact with the pump swash plate 22 without the dan 
ger of being lifted off even when an abrupt pressure 
drop is developed for some reason in oil chambers be 
hind those pump plungers 6 which operate in the suc 
tion stroke. 
The pump shoe 23 has hydraulic pockets 34 de?ned 

in its surface held against the pump swash plate 22 and 
positioned in alignment with the respective connecting 
rods 25. The hydraulic pockets 34 communicate with 
the respective oil chambers in the pump cylinder 4 
through oil holes 35 de?ned in the pump plungers 6, oil 
holes 36 de?ned in the connecting rods 25, and oil holes 
37 de?ned in the pump shoe 23. While the pump cylin 
der 4 is in operation, therefore, oil under pressure in the 
pump cylinder 4 is supplied to the hydraulic pockets 34 
to apply a hydraulic pressure to the pump shoe 23 in a 
direction to bear the thrust force imposed by the pump 
plungers 6 on the pump shoe 23. Therefore, the oil 
supplied to the hydraulic pockets 34 serves to reduce 
the pressure under which the pump shoe 23 contacts the 
pump swash plate 22, and also to lubricate the mutually 
sliding surfaces of the pump shoe 23 and the pump 
swash plate 22. 
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A motor swash plate 38 is tiltably supported in the 
transmission case 1 by means of a pair of trunnions 39 
projecting from opposite sides of the motor swash plate 
38, which is held in confronting relation to the motor 
plungers 10. The motor swash plate 38 has an inclined 
surface on which there is slidably disposed a motor shoe 
40 that is pivotally coupled to ball joints 10a on the 
outer ends of the motor plungers 10. 
Each of the motor plungers 10 reciprocally moves in 

expansion and compression strokes while rotating the 
motor cylinder 8. The stroke of the motor plungers 10 
can continuously be adjusted from zero to a maximum 
level by varying the angle of inclination of the motor 
swash plate 38 from a vertical position (shown by the 

' two-dot-dash lines) in which the motor swash plate 38 
lies perpendicularly to the motor plungers 10 to a most 
inclined position (shown by the solid lines). 
The motor cylinder 8 comprises axially separate ?rst 

through fourth members or segments 80 through 8d. 
The ?rst member 80 includes the support shaft 11b and 
accommodates the pump swash plate 22. The second 
member 8b has guide holes 41 in the cylinder holes 9, in 
which the motor plungers 10 are slidably guided, re 
spectively. The third and fourth members 8c, 8d have 
oil chambers 42 in the cylinder holes 9, the oil chambers 
42 being slightly larger in diameter than the guide holes 
41. The third member 8c serves as a distribution mem 
ber 43 having oil passages leading to the cylinder holes 
5, 9, and the fourth member 8d includes the support 
shaft 110. ' 

The ?rst member 8a has an integral joint ?ange 44 on 
its end facing the second member 8b. The joint flange 44 
is ?tted relatively tightly in a positioning hole 45 de 
fined in the end face of the second member 8b that 
confronts the joint ?ange 44. The joint ?ange 44 is 
fastened to the second member 8b by means of a plural 
ity of bolts 46. The second, third, and fourth members 
8b, 8c, 8d are relatively positioned by knock pins 47 
?tted in positioning holes de?ned in their confronting 
end faces, and are ?rmly coupled together by means of 
a plurality of bolts 48. 
The input shaft 2 has an outer end portion rotatably 

supported centrally in the support shaft 11b of the 
motor cylinder 8 by a needle bearing 49, and an inner 
end portion rotatably supported centrally in the distri 
bution member 43 by a needle bearing 50. 
The spring 30 is disposed under compression between 

the pump cylinder 4 and the spring holder 29 for press 
ing the pump cylinder 4 against the distribution member 
43 to prevent oil from leaking from between the sliding 
surfaces of the pump cylinder 4 and the distribution 
member 43. The resilient force of the spring 30 is also 
effective in supporting the spring holder 29, the presser 
ring 28, the pump shoe 23, and the pump swash plate 22 
?rmly in the motor cylinder 8, as described above. 
The support shaft 11a is of a hollow structure in 

which a ?xed shaft 51 is centrally inserted. A distribu 
tion ring 52 is ?tted over the inner end of the ?xed shaft 
51 in a ?uid-tight manner through an O-ring therebe 
tween. The distribution ring 52 has an axial end face 
held eccentrically in sliding contact with the distribu 
tion member 43. The fourth member 8d of the motor 
cylinder 8 has an interior hollow space 53 which is 
divided by the distribution ring 52 into an inner oil 
chamber 530 and an outer oil chamber 53b. 
The distribution member 43 has an outlet port 54 and 

an inlet port 55. The outlet port 54 provides ?uid com 
munication between the cylinder holes 5 that receive 
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6 
the pump plungers 6 operating in the discharge stroke 
and the inner oil chamber 530. The inlet port 55 pro 
vides ?uid communication between the cylinder holes 5 
that receive the pump plungers 6 operating in the suc 
tion stroke and the outer oil chamber 53b. The distribu 
tion member 43 also has a number of communication 
ports 56 de?ned therein and through which the cylinder 
holes 9 of the motor cylinder 8 communicate with the 
interior space 53 in the fourth member 8d. The commu 
nication ports 56 open into the interior space 53 at 
equally spaced locations on a circle around the axis of 
rotation of the hydraulic motor M. Since the distribu 
tion ring 52 is held in sliding contact with the distribu 
tion member 43 in eccentric relationship, as described 
above, the communication ports 56 successively com 
municate with the inner and outer oil chambers 53a, 5317 
as the motor cylinder 8 rotates. 

Therefore, a closed hydraulic circuit is formed be 
tween the hydraulic pump P and the hydraulic motor M 
through the distribution member 43 and the distribution 
ring 52. When the pump cylinder 4 is driven by the 
input shaft 2, high-pressure working oil discharged by 
the pump plungers 6 in the discharge stroke ?ows from 
the outlet port 54, the inner oil chamber 530, and the 
communication ports 56 communicating with the inner 
oil chamber 530 into the cylinder holes 9 receiving the 
motor plungers 10 which are in the expansion stroke, 
thereby imposing a thrust on these motor plungers 10. 
Working oil discharged by the motor plungers 10 

operating in the compression stroke ?ows through the 
communication ports 56 communicating with the outer 
oil chamber 53b and the inlet port 55 into the cylinder 
holes 5 receiving the pump plungers 6 in the suction 
stroke. Upon such circulation of the working oil, the 
motor cylinder 8 is driven by the sum of the reactive 
torque applied by the pump plungers 6 in the discharge 
stroke to the motor cylinder 8 through the pump swash 
plate 22 and the reactive torque received by the motor 
plungers 10 in the expansion stroke from the motor 
swash plate 38. 
The transmission ratio of the motor cylinder 8 to the 

pump cylinder 4 is given by the following equation: 

. . l : Rotational speed of pump cylinder 4 : 
Transmission rauo Rotational speed of motor cylinder 8 

1 + Displacement of hydraulic motor M 
Displacement of hydraulic pump P 

It can be understood from the above equation that the 
transmission ratio can be varied from 1 to a desired 
value by varying the displacement of the hydraulic 
motor M from zero to a certain value. 

Since the displacement of the hydraulic motor M is 
determined by the stroke of the motor plungers 10, the 
transmission ratio can continuously be adjusted from 1 
to a certain value by tilting the motor swash plate 38 
from the vertical position to a certain inclined position. 
A hydraulic ratio-changing servomotor S1 for tilting 

the motor swash plate 38 is disposed in an upper portion 
of the transmission case 1. The ratio-changing servomo 
tor Sl comprises a servo cylinder 58 ?xed to the trans 
mission case 1, a servo piston 61 movably disposed in 
the servo cylinder 58 and dividing the interior space of 
the servo cylinder 58 into a lefthand oil chamber 59 and 
a righthand oil chamber 60, a piston rod 62 integral with 
the servo piston 61, and a rod-shaped ?rst pilot valve 64 
slidably ?tted in a valve hole 63 defined in the piston 
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rod 62 and extending from an end face of the servo 
piston 61. 
The piston rod 6 integral with the servo piston 61 

extends through the servo cylinder 58 and has an end 
projecting into the transmission case 1. The projecting 
end of the piston rod 62 is coupled to the motor swash 
plate 38 through a connector 65 and pivot pins. 
The ?rst pilot valve 64 has on its distal end a land 64a 

intimately ?tted in the valve hole 63 and also has a pair 
of diametrically opposite recesses 64b de?ned behind 
the land 64a and extending over a certain axial dimen 
sion. A retaining ring 66 is securely ?tted over the ?rst 
pilot valve 64 behind the recess 64b. The retaining ring 
66 is engageable with a retaining ring 67 ?xed to the 
inner peripheral surface of the servo piston 61 to pre 
vent the ?rst pilot valve 64 from being detached from 
the piston rod 62. 
The piston rod 62 and the servo piston 61 have a 

lower discharge passage 68 de?ned therein for commu 
nicating the righthand oil chamber 60 through the valve 
hole 63 with an oil tank (not shown) upon rightward 
movement of the ?rst pilot valve 64, and an upper com 
munication passage 69 de?ned therein for communicat 
ing the righthand oil chamber 60 with the lefthand oil 
chamber 59 upon leftward movement of the ?rst pilot 
valve 64. . 

The lefthand oil chamber 59 of the servo cylinder 58 
communicates with the interior space 53 of the fourth 
member 8d through an oil passage 70 de?ned in a pe 
ripheral wall of the servo cylinder 58 and an oil passage 
71 de?ned in the holder plate 17. Therefore, the left 
hand oil chamber 59 can be supplied with oil under 
pressure from the hydraulic pump P. 
When the ?rst pilot valve 64 is moved to the right 

from the illustrated position, the land 64a closes the 
upper communication passage 69 and opens the lower 
discharge passage 68 at the same time. Therefore, oil 
under pressure ?owing from the hydraulic pump P 
through the oil passages 71, 70 acts only in the lefthand 
oil chamber 59, moving the servo piston 61 to the right. 
When the ?rst pilot valve 64 is moved to the left, the 

land 64a opens the communication passage 69 into the 
righthand oil chamber 60 and closes the discharge pas 
sage 68, as shown in FIG. 1. Therefore, the oil under 
pressure from the hydraulic pump P acts in both the oil 
chambers 59, 60, whereupon the servo piston 61 is 
moved to the left due to the difference between pres 
sure-bearing areas of these oil chambers. 
When the ?rst pivot valve 64 is stopped on its move 

ment to the right or left, the servo piston 61 is also 
stopped inasmuch as it is hydraulically floating due to 
the pressure balancing between the oil chambers 59, 60. 

In this manner, the servo piston 61 is operated in 
ampli?ed movement by following the movement of the 
?rst pilot valve 64 under the working oil pressure from 
the interior space 53. In response to movement of the 
servo piston 61, the motor swash plate 38 can continu~ 
ously be angularly shifted or adjusted from the most 
inclined position indicated by the solid lines in FIG. 1 
where the transmission ratio is maximum to the least 
inclined position indicated by the imaginary (two-dot 
and-dash) lines where the transmission ratio is mini 
mum. 

The outer end of the ?rst pilot valve 64 projecting 
through the holder plate 17 is coupled to a first link arm 
72 connected to a cam mechanism C1, the ?rst link arm 
72 being remotely controlled by a control device (not 
shown). 
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8 
As better illustrated in FIG. 2, a cylindrical bearing 

74 is coupled to the outer peripheral surface of the ?xed 
shaft 51 through splines 73 having relatively large di 
mensional tolerances in the radial direction. The bear 
ing 74 has its outer peripheral surface slightly spaced 
from the inner peripheral surface of the support shaft 
110. This spacing between the bearing 74 and the sup 
port shaft 11a is uniformized by a ?lm of working oil 
throughout the entire circumference of the bearing 74 
so that the bearing 74 is floatingly supported in the 
support shaft 11a. ‘ 

The ?xed shaft 51 has an annular ridge 75 projecting 
radially outwardly and extending circumferentially in a 
position confronting an axially inner end of the bearing 
74. The bearing 74 is limited in its axial movement be 
tween the annular ridge 75 and an inner surface of the 
holder plate 17 ?xed to the outer end surface of the 
transmission case member 1b. 
Near the annular ridge 75, there are no splines present 

between the bearing 74 and the ?xed shaft 51, but an 
annular groove 76 is defined in the outer peripheral 
surface of the ?xed shaft 51. The annular groove 76 
receives therein an O-ring 77 and a backup ring 78 both 
serving as seal members. 
The ?xed shaft 51 is of a hollow construction having 

a peripheral wall having radial connecting ports 79a, 
79b through which the inner and outer oil chambers 
53a, 53b communicate with each other. A cylindrical 
clutch valve 80 is ?tted in the interior space of the ?xed 
shaft 51 for selectively opening and closing the ports 
79a, 79b. The clutch valve 80 serves as a clutch for 
selectively connecting and disconnecting the hydraulic 
pump P and the hydraulic motor M. 
The clutch valve 80 is positioned by a radial needle 

bearing 81 radially with respect to the ?xed shaft 51 and 
also positioned by a thrust needle bearing 82 axially 
with respect to the holder plate 17. The clutch valve 80 
thus radially and axially positioned is rotatable with 
respect to the ?xed shaft 51. The clutch valve 80 has 
radial connecting holes 83a, 83b de?ned in the periph 
eral wall at its inner end, the holes 83a, 83b being capa 
ble of registration with the ports 79a, 79b, respectively. 
A swing link 84 coupled to a clutch control device 
(described later) is joined to the outer end of the clutch 
valve 80. The relative position of the holes 83a, 83b 
with respect to the ports 79a, 79b can be changed by 
turning the link 84. When the ports 79a, 79b are fully 
opened in full registry with the holes 83a, 83b, respec 
tively, the clutch is in an “OFF” position. When the 
ports 79a, 79b are partly opened by shifting the holes 
83a, 83b, the clutch is in a “partly ON” position. When 
the ports 79a, 79b are fully closed out of full registry 
with the holes 83a, 83b, respectively, the clutch is in an 
“ON” position. With the clutch OFF as shown, work 
ing oil discharged from the outlet port 54 into the inner 
oil chamber 53a flows through the ports 79a, 79b and 
the outer oil chamber 53b directly into the inlet port 55, 
making the hydraulic motor M inoperative. When the 
clutch is ON, the above oil flow is shut off, and working 
oil is circulated from the hydraulic pump P to the hy 
draulic motor M, allowing hydraulic power to be trans 
mitted from the hydraulic pump P to the hydraulic 
motor M. 
The clutch valve 80 has a relief groove 85 de?ned in 

its outer peripheral surface near the radial needle bear 
ing 81 to prevent sluggish rotation of the clutch valve 
80 even when the ?xed shaft 51 is ?exed. 
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A servomotor S2 for selectively making and breaking 
the hydraulic circuit is disposed centrally in the hollow 
clutch valve 80. The servomotor S2 has a piston shaft 86 
slidably ?tted in the central hole of the clutch valve 80, 
.and a valve rod 87 threaded in one end of the piston 
shaft 86. The valve rod 87 has a partly spherical end of 
a reduced diameter on which a shoe guide 88a is pivot 
ally mounted. 
A bottomed cylindrical shoe 88b is ?tted over the 

shoe guide 880 slidably along the axis of the valve rod 
87. A coil spring 87a is disposed under compression 
between the outer bottom surface of the shoe 88b and 
the proximal end of the valve rod 87 for normally 
urging the shoe 88b outwardly in the axial direction. 
When the piston shaft 86 is slid to the left in FIG. 2, 

the shoe 88b closes a confronting open end of the outlet 
port 54 of the distribution member 43 in a ?uid-tight 
manner for thereby cutting off the flow of working oil 
from the outlet port 54 into the inner oil chamber 53a. 
With the oil ?ow thus cut off, the pump plungers 6 are 
hydraulically locked and the hydraulic pump P and the 
hydraulic motor M are directly connected to each 
other, so that the motor cylinder 8 can mechanically be 
driven by the pump cylinder 4 through the pump plung 
ers 6 and the pump swash plate 22. The hydraulic pump 
P and the hydraulic moor M are directly interconnected 
in this manner when the motor swash plate 38 is verti 
cally positioned for the minimum transmission ratio. In 
this transmission position, the ef?ciency of transmission 
of power from the input shaft to the output shaft is 
increased, and the thrust applied by the motor plungers 
10 to the motor swash plate 38 is reduced, thus lessening 
the stresses on the bearings and other members. ' 
The piston shaft 86 has an outer end portion of 

smaller diameter de?ning an oil chamber 89 between 
itself and an inner member 820 of the thrust needle 
bearing 82 which supports the clutch valve 80. The oil 
chamber 89 is normally held in communication with the 
inner oil chamber 53:: through an oil passage 90 de?ned 
axially in the piston shaft 86 and an oil passage 91 de 
?ned axially centrally in the valve rod 87 in communi 
cation with the oil passage 90. When the engine is 
driven, a portion of the high-pressure working oil circu 
lating between the hydraulic pump P and the hydraulic 
motor M is normally supplied to the oil chamber 89 
through the oil passages 91, 90. 
The piston shaft 86 has an integral piston 92 on its 

axially intermediate portion. An annular chamber 93 is 
de?ned axially leftwardly of the piston 92 and radially 
between the inner peripheral surface of the central hole 
of the clutch valve 80 and the outer peripheral surface 
of the piston shaft 86. The piston shaft 86 also has a 
central blind hole 94 extending from the outer end 
toward an axial position beyond the piston 92, the cen 
tral blind hole 94 including a relief groove 95 de?ned in 
an inner peripheral surface of the piston shaft 86 at the 
inner end of the blind hole 94. The blind hole 94 and the 
annular chamber 93 communicate with each other 
through a radial hole 96a de?ned in the piston shaft 86 
near the inner end of the piston 92. The outer end por 
tion of the piston rod 86 has a hole 96b de?ned near the 
outer end of the piston 92 and providing communica 
tion between the oil chamber 89 and the blind hole 94. 
A rod-shaped second pilot valve 97 is inserted in the 

blind hole 94 and extends through the holder plate 17 
secured to the end wall of the transmission case 1. The 
second pilot valve 97 has a land 98 on its inner distal end 
which is slidably held closely against the inner periph 
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eral surface of the blind hole 94, and a smaller-diameter 
portion 99 positioned rightwardly of the land 98 and 
having a suitable axial dimension. The second pilot 
valve 97 also has a central axial hole 100 through which 
the blind hole 94 is vented to atmosphere. The second 
pilot valve 97 includes an outer end portion of smaller 
diameter which extends outwardly from an axially in 
termediate portion thereof. Outward sliding movement 
of the second pilot valve 97 is limited when the step at 
the inner end of the outer end portion of the second 
pilot valve 97 is engaged by a retaining ring 101 secured 
to the inner peripheral surface of the piston shaft 86 at 
its outer end. The second pilot valve 97 can be slidably 
moved horizontally in FIGS. 1 and 2 by the cam mecha 
nism Cl which is operatively coupled to the outermost 
end of the second pilot valve 97 through a second link 
arm 102. 

It is assumed here that the end face of the shoe guide 
88a has a pressure bearing area A, the piston 92 has a 
cross-sectional area B, the inner end of the piston shaft 
86 has a pressure bearing area C, and the smaller-diame 
ter outer end portion of the piston shaft 86 has a cross 
sectional area D. These areas A, B, C, D are determined 
such that they meet the following inequalities: 

When the second pilot valve 97 is moved to the left in 
FIGS. 1 and 2, the smaller-diameter portion 99 of the 
second pilot valve 97 is entirely inserted into the blind 
hole 94 which is located inwardly of the righthand end 
face 103 of the piston 92. The high-pressure working oil 
from the outlet port 54 flows through the oil passages 
91, 90 into the oil chamber 89 in which the hydraulic 
pressure acts on the righthand end face 103 of the piston 
92. The hydraulic pressure of the working oil in the 
inner oil chamber 53a also acts on the lefthand end of 
the piston shaft 86. The piston shaft 86 is now moved to 
the left because of the inequality: B—D>C since the 
pressure bearing area of the righthand end face 103 of 
the piston 92 is expressed by B—D and the pressure 
bearing area of the inner end face of the piston shaft 86 
is expressed by C. The piston shaft 86 is moved left 
wardly until the shoe 88b engages the distribution mem 
ber 43 to close the open end of the outlet port 54, 
whereupon the hydraulic pump P and the hydraulic 
motor M are directly interconnected. 
Inasmuch as the shoe 88b is ?oatingly held in engage 

ment with the shoe guide 88a by the coil spring 870, the 
outlet port 54 is closed under the internal pressure F2 
acting in the inner oil chamber 530 on the righthand end 
of the shoe 88b and the spring load F3 of the coil spring 
870, which are counteracted by the opening force F1 
produced by the oil pressure discharged by the pump P 
and acting on the lefthand end of the shoe 88b. In this 
case, the internal pressure in the inner oil chamber 53a 
is determined by the relationship between oil pressure 
discharged from the pump P and the spring load of the 
coil spring 870, and the spring load varies with the 
amount by which the coil spring 87a is compressed. 
Therefore, where the oil pressure discharged from the 
pump P is constant, the internal pressure in the inner oil 
chamber 53a gradually varies dependent on the flexing 
of the coil spring 87a. 
When the outlet port 54 is closed, the high hydraulic 

pressure from the outlet port 54 (which is equal to the 
hydraulic pressure in the oil chamber 89) is exerted on 
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the end face of the shoe guide 880 which has the pres-‘ 
sure bearing area A, and the high hydraulic pressure in 
the oil chamber 89 acts on the righthand end face 103 of 
the piston 92 which has the pressure bearing area B—D. 
Inasmuch as A>B—D, the shoe guide 88a is subjected 
to a force tending to move the same to the right. The 
shoe guide 88a is therefore moved slightly to the right. 
When the shoe guide 88a is moved to the right even 
slightly, the spring load on the end face of the shoe 88b 
is lowered, whereupon the force tending to separate the 
shoe 88b is increased. The pressure difference between 
the oil pressure discharged from the pump P and the 
internal pressure in the inner oil chamber 53a is re 
duced, thus forcing the shoe 88b against the end face of 
the distribution member 43 again. 
By selecting the areas A, B, C, D to meet the above 

inequalities, therefore, the shoe 88b can be maintained in 
a hydraulically ?oating condition in which any oil leak 
age from between the shoe 88b and the outlet port 54 is 
reduced to a minimum, and the hydraulic motor M and 
the hydraulic pump P remain locked together. With the 
coil spring 87a being of a suitably selected spring con 
stant, the outlet port 54 can be gradually closed, so that 
any shock resulting from a reduction in the engine rota 
tional speed can be reduced. 
When the second pilot valve 97 is moved to the right, 

the smaller-diameter portion 99 of the second pilot 
valve 97 is displaced to the right beyond the righthand 
end face 103 of the piston 92, and the space around the 
smaller-diameter portion 99 communicates with the 
hole 96b in the smaller-diameter end portion of the 
piston shaft 86. The high-pressure working oil therefore 
acts on the righthand end face 103 of the piston 92 and 
the inner end face of the piston shaft 86, and also acts on 
the lefthand end face of the piston 92 through the hole 
9617, the space around the smaller-diameter portion 99, 
the hole 96a, and the annular chamber 93. At this time, 
the pressure-bearing area for moving the piston shaft 86 
to the left is indicated by B—D, whereas the pressure 
bearing area for moving the piston shaft 86 to the right 
is indicated by B. Since B>B——D, the piston shaft 86 is 
moved rightwardly, unlocking the hydraulic motor M 
and the hydraulic pump P from each other. 
The ?xed shaft 51 has on its inner end an eccentric 

shaft 51a disposed eccentrically with respect to the 
input shaft 2 toward the group of cylinder holes in the 
suction stroke. The eccentric shaft 51a has an annular 
groove 120 defined in the outer peripheral surface near 
the free end thereof, with an O-ring 121 and a backup 
ring 122 disposed in the annular groove 120. The distri 
bution ring 52 is ?tted over the eccentric shaft 510 with 
the O-ring 121 and the backup ring 122 interposed 
therebetween. 
The distribution ring 52 has a radially outward ?ange 

123 on its end held against the distribution member 43. 
The eccentric shaft 51a has a step 124 on its proximal 
end. Between the flange 123 and the step 124, a coil 
spring 125 is disposed under compression for normally 
urging the distribution ring 52 against the distribution 
member 43. 
The distribution ring 52 is subjected to the pressing 

force applied by the internal pressure in the inner space 
53 to the distribution member 43 and the separating 
force due to the internal pressure in the cylinder holes 9 
of the hydraulic motor M. In order to distribute the oil 
discharged from the hydraulic pump P to the hydraulic 
motor M without oil leakage, it is basically necessary 
that the pressing force be high. The coil spring 125 is 
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effective to provide good sealing capability between the 
distribution member 43 and the distribution ring 52. 
The ratio-changing servomotor S1 is supplied with 

working oil from either the inner oil chamber 530 
through a passage communicating with the inner oil 
chamber 53a via a ?rst oil passage 104 de?ned in the 
?xed shaft 51 or the outer oil chamber 53b through a 
passage communicating with the outer oil chamber 53b 
via a second oil passage 105 de?ned in the holder plate 
17 and a third oil passage 106 de?ned in the ?xed shaft 
51. Switching between these passages is effected by a 
ball shuttle valve 107 positioned in a joint space de?ned 
in the holder plate 17 between the ?rst and second oil 
passages 104, 105. 
Upon acceleration and when the outlet port 54 of the 

hydraulic pump P is not closed, the hydraulic pressure 
in the inner oil chamber 530 is higher than the hydraulic 
pressure in the outer oil chamber 53b. Therefore, the 
shuttle valve 107 is shifted to the right to close the open 
end of the second oil passage 105, communicating only 
the ?rst oil passage 104 with the oil passage 71 to supply 
the working oil from the inner oil chamber 53a to the 
ratio-changing servomotor Sl. 
Upon deceleration, or upon acceleration and when 

the outlet port 54 is closed, the hydraulic pressure in the 
outer oil chamber 53b is higher than the hydraulic pres 
sure in the inner oil chamber 53a. Thus, the shuttle 
valve 107 is shifted to the left to close the open end of 
the ?rst oil passage 104, allowing only the second and 
third oil passages 105, 106 to communicate with the oil 
passage 71. As a result, the working oil from the outer 
oil chamber 53b is supplied to the ratio-changing servo 
motor 81. 

In this manner, the ratio-changing servomotor S1 is 
supplied with working oil at all times from the higher 
pressure side in the closed hydraulic circuit to maintain 
suf?cient hydraulic power required to operate the ser 
vomotor S1. 
As shown in FIG. 1, a replenishing pump F is 

mounted on an outer surface of the lefthand case mem 
ber la. The replenishing pump F is driven by the input 
shaft 2 for feeding working oil from an oil tank (not 
shown) under a constant pressure. The replenishing 
‘pump F has an outlet port 108 communicating through 
an axial central oil passage 109 de?ned in the input shaft 
2 with the outlet port 54 in the distribution member 43 
via a check valve 111 and also with the outer oil cham 
ber 53b via a check valve 110. The replenishing pump F 
therefore supplies oil to automatically compensate for 
any oil leakage from the closed hydraulic circuit com 
posed of the hydraulic pump P and the hydraulic motor 
M. 
The cam mechanism C1, the holder plate 17, and 

other members are covered with an end cover 112 at 
tached to the righthand side end of the transmission case 
1. 
FIG. 3 shows a modi?cation in which a coil spring 

125:: is disposed between an axial end face of the distri~ 
bution ring 52 and the step 124 of the eccentric shaft 
510. 
FIG. 4 illustrates another modi?cation in which a 

Belleville spring 125b is disposed between the axial end 
face of the distribution ring 52 and the step 124 of the 
eccentric shaft 51a. 
With the arrangement of the present invention, even 

during an initial stage of operation of the transmission, 
suf?cient fluid-tight sealing is provided between the 
distribution member and the distribution ring, and the 
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ef?ciency is not lowered. Since the spring 125, 125a, or 
125b is disposed around the ?xed shaft, the pressure 
acting on the mutually sliding surfaces of the distribu 
tion member and the distribution ring is uniformized in 
the circumferential direction. The spring does not inter 
fere with the device for selectively making and breaking 
the hydraulic circuit, or the clutch valve, which is dis 
posed centrally in the ?xed shaft. 
Although certain preferred embodiments have been 

shown and described, it should be understood that 
many changes and modi?cations may be made therein 
without departing from the scope of the appended 
claims. 
What is claimed is: 
1. A hydraulically operated continuously variable 

transmission comprising: 
a transmission case; 
a ?xed shaft mounted in said transmission case; 
an output shaft rotatably supported in said transmis 

sion case; 
a hydraulic motor coupled to said output shaft and 
having a motor cylinder and an annular array of 
slidable motor plungers disposed around an axis of 
rotation thereof and slidably disposed in respective 
cylinder holes de?ned in said motor cylinder, said 
hydraulic motor also having a distribution ring 
supported on said ?xed shaft and rotatable rela 
tively to and slidable against an end face of said 
motor cylinder for introducing high-pressure oil 
successively into said cylinder holes and discharg 
ing oil successively from said cylinder holes in 
response to rotation of said motor cylinder; 

an input shaft rotatably supported in said transmission 
case; 

a hydraulic pump coupled to said input shaft, at least 
one of said hydraulic pump and said hydraulic 
motor being of the variable-displacement type; 

a closed hydraulic circuit interconnecting said hy 
draulic pump and said hydraulic motor; and 

spring means disposed around said ?xed shaft for 
normally urging said distribution ring resiliently 
against said end face of the motor cylinder. 

2. A hydraulically operated continuously variable 
transmission comprising: 

a transmission case; 
a ?xed shaft mounted in said transmission case; 
an output shaft rotatably supported in said transmis 

sion case; 
a hydraulic motor coupled to said output shaft and 

having a motor cylinder and an annular array of 
slidable motor plungers disposed around an axis of 
rotation thereof and slidably disposed in respective 
cylinder holes de?ned in said motor cylinder, said 
hydraulic motor also having a distribution ring 
supported on said ?xed shaft and rotatable rela 
tively to and slidable against an end face of said 
motor cylinder for introducing high-pressure oil 
successively into said cylinder holes and discharg 
ing oil successively from said cylinder holes in 
response to rotation of said motor cylinder; 

an input shaft rotatably supported in said transmission 
case; 

a hydraulic pump coupled to said input shaft, at least 
one of said hydraulic pump and said hydraulic 
motor being of the variable-displacement type; 

a closed hydraulic circuit interconnecting said hy 
draulic pump and said hydraulic motor; and 
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14 
spring means disposed around said ?xed shaft for 

normally urging said distribution ring resiliently 
against said end face of the motor cylinder, said 
spring means comprising a coil spring disposed 
around said ?xed shaft and acting between a step 
on said ?xed shaft and an end surface of said distri 
bution ring. 

3. A hydraulically operated continuously variable 
transmission comprising: 

a transmission case; 
a ?xed shaft mounted in said transmission case; 
an output shaft rotatably supported in said transmis 

sion case; 
a hydraulic motor coupled to said output shaft and 

having a motor cylinder and an annular array of 
slidable motor plungers disposed around an axis of 
rotation thereof and slidably disposed in respective 
cylinder holes de?ned in said motor cylinder, said 
hydraulic motor also having a distribution ring 
supported on said ?xed shaft and rotatable rela 
tively to and slidable against an end face of said 
motor cylinder for introducing high-pressure oil 
successively into said cylinder holes and discharg 
ing oil successively from said cylinder holes in 
response to rotation of said motor cylinder; 

an input shaft rotatably supported in said transmission 
case; 

a hydraulic pump coupled to said input shaft, at least 
one of said hydraulic pump and said hydraulic 
motor being of the variable-displacement type; 

a closed hydraulic circuit interconnecting said hy 
draulic pump and said hydraulic motor; and 

spring means disposed around said ?xed shaft for 
normally urging said distribution ring resiliently 
against said end face of the motor cylinder, said 
spring means comprising a Belleville spring dis~ 
posed around said ?xed shaft and acting between a 
step on said ?xed shaft and an end surface of said 
distribution ring. 

4. A oil distribution apparatus in a hydraulically oper 
ated continuously variable transmission of the type 
having a swash plate hydraulic pump and a swash plate 
hydraulic motor interconnected by a closed hydraulic 
circuit, comprising: 

a rotatable motor cylinder with an end face, said end 
face having holes for discharging working oil from 
said hydraulic motor and receiving working oil 
into said hydraulic motor; 

a distribution ring supported on a ?xed shaft, said 
distribution ring being rotatable relative to and 
slidable against said end face for introducing high 
pressure oil successively into said end face holes 
and discharging oil successively from said end face 
holes in response to rotation of said motor cylinder; 
and 

a spring disposed around said ?xed shaft for normally 
urging said distribution ring resiliently toward said 
end face of the motor cylinder. 

5. An oil distribution apparatus according to claim 4, 
wherein said spring is a coil spring. 

6. An oil distribution apparatus according to claim 4, 
wherein said spring is a Belleville spring. 

7. An oil distribution apparatus according to claim 4, 
wherein said spring comprises a coil spring disposed 
around said ?xed shaft and acting between a step on said 
?xed shaft and an end surface of said distribution ring. 

8. An oil distribution apparatus according to claim 4, 
wherein said spring comprises a Belleville spring dis 
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posed around said ?xed shaft and acting between a step 
on said ?xed shaft and an end surface of said distribution 
ring. 

9. A oil distribution apparatus in a hydraulically oper 
ated continuously variable transmission of the type 
having a swash plate hydraulic pump and a swash plate 
hydraulic motor interconnected by a closed hydraulic 
circuit, comprising: 

a rotatable motor cylinder with an end face, said end 
face having holes for discharging working oil from 
said hydraulic motor and receiving working oil 
into said hydraulic motor; 

a distribution ring supported on a ?xed shaft, said 
distribution ring being rotatable relative to and 
slidable against said end face for introducing high 
pressure oil successively into said end face holes 

5 

15 

20 

25 

35 

45 

50 

55 

60 

65 

16 
and discharging oil successively from said end face 
holes in response to rotation of said motor cylinder; 

seal means between engaging surfaces of said ?xed 
shaft and said distribution ring for providing a 
fluid-tight seal between said ?xed shaft and said 
distribution ring; and 

biasing means disposed around said ?xed shaft for 
normally urging said distribution ring resiliently 
toward said end face of the motor cylinder. 

10. An oil distribution apparatus according to claim 9, 
wherein said biasing means comprises a spring disposed 
around said ?xed shaft and acting between opposing 
surfaces on said ?xed shaft and said distribution ring. 

11. An oil distribution apparatus according to claim 
10, wherein said spring comprises a coil spring. 

12. An oil distribution apparatus according to claim 
10, wherein said spring comprises a Belleville spring. 
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